Aim To investigate prevalence, antimicrobial susceptibility, molecular characteristics, and genetic relationship of AmpC-and/ or extended spectrum beta lactamase (ESBL)-producing Proteus spp. clinical isolates in Zenica-Doboj Canton, Bosnia and Herzegovina.
INTRODUCTION
Proteus spp. cause various human infections and it was firstly documented as extended-spectrum beta-lactamase (ESBL)-producer in 1987 (1) . Proteus spp. were susceptible to beta (β)-lactam antibiotics (2), but progressive increase of resistance to beta-lactam antibiotics mediated by the production of acquired beta-lactamases has occurred (3). Extended-spectrum β -lactamases showing activity to extended-spectrum cephalosporins have also started to spread, including most frequently TEM-type derivatives, but also other enzymes (4) . Numerous outbreaks of infections with organisms producing ESBLs have been observed in many countries (5) (6) (7) . Resistance to beta-lactam drugs is caused by chromosomal and plasmid encoded enzymes (5) . Horizontal acquisition of AmpC β -lactamases represents an important driver of increasing resistance in Europe, and it is associated with the clonal expansion of resistant strains (8) . The organism has achieved ability to cause infections leading to prolonged hospital stay, an increase of morbidity and mortality, and consequently an increase of health care associated costs (9) . ESBL-producing Gram-negative isolates are resistant to extended-spectrum cephalosporins and monobactams, except cefamycins, carbapenems, and β-lactam/ β-lactamase inhibitors; AmpC beta-lactamases producing isolates are resistant to penicillins, cephalosporins, cephamycins, monobactams and β-lactam/β-lactamase inhibitor, but usually sensitive to carbapenems (10) . Proteus spp. are intrinsically resistant to nitrofurantoin and tetracycline. Although Proteus spp. are intrinsically susceptible to aminoglycosides, fluoroquinolones, and trimethoprim-sulfamethoxazole, co-resistance to these drugs has been frequently reported among ESBL-producing Proteus spp. isolates, and the treatment is often limited to carbapenems (11) . Reportedly, susceptibility of Proteus spp. to β-lactam/β-lactamase inhibitors, ciprofloxacin, and third generation cephalosporins varies widely, 74-94%, 60-90%, and 90-99%, respectively, depending on patients' age, gender, hospital department, duration of hospitalization and infection type (12) . The ESBLs commonly reported among Proteus spp. are TEM and CTX-M, while other ESBLs (SHV, TEM β-lactamase inhibitors) are less frequent (13) . TEM, CTX-M and other β-lactamases have been detected among isolates from Iran (1), France (2), Saudi Arabia (14) , Italy (15) , and Japan (16) .
Investigations of molecular characteristics and epidemiology of β-lactamase producing Proteus spp. in Bosnia and Herzegovina (B&H) are scarce. TEM, CTX-M and AmpC genes have been recently reported in Gram-negative bacteria, including Proteus spp., causing urinary tract infections in Zenica-Doboj Canton (17) .
The aim of the study was to investigate molecular epidemiology and genetic relatedness of AmpC β-lactamase-and ESBL-producing Proteus spp. inpatient and outpatient isolates, as well as their antimicrobial susceptibility.
MATERIALS AND METHODS

Setting, bacterial isolates and study design
During the period December 2009 -May 2010, the total of 9092 and 16037 samples from the inpatients and outpatients, respectively, were collected at the Microbiology Laboratory of the Cantonal Hospital Zenica. Among inpatients, Gram-negative bacteria were isolated from 1254 (72.7%) samples, of which ESBL and/or AmpC β-lactamase producing bacteria were detected in 126 (out of 1254, 10%) samples; Proteus spp. were isolated from 201 (out of 1254, 16.0%) samples, of which 27 (out of 201; 13.4%) were ESBL and/or AmpC β-lactamase producing isolates. Among outpatients, Gram-negative bacteria were isolated from 2857 (80.9%) samples, of which 184 (6.4%) were ESBL-and/or AmpC β-lactamase producing bacteria; Proteus spp. were isolated from 365 (out of 2857; 12.8%) samples, of which 26 (out of 365; 7.1%) were β-lactamase producing isolates.
Among 53 ESBL-and /or AmpC β-lactamaseproducing Proteus spp. (27 in-and 26 outpatients), 11 (six inpatient and five outpatient) were available for further analysis.
Institutional review board approval from the Ethics Committee of the Cantonal Hospital Zenica was obtained prior to the initiation of the study. 
Antimicrobial susceptibility testing
Detection of ESBLs, AmpC beta-lactamases and carbapenemases
ESBL production was determined by doubledisk-synergy test (DDST). Overnight broth culture of test strain was diluted in saline, adjusted to McFarland standard suspension 0.5 and inoculated onto Mueller-Hinton agar (MH); disk containing amoxicillin/clavulanate (20/10 µg) was placed in the middle of the plate and surrounded (20 mm distance center to center) by disks containing cefotaxime (5 µg), ceftriaxone (30 µg), ceftazidime (10 µg), and cefepime (30 µg) (Becton-Dickinson, USA). Plates were incubated overnight at 37 °C. Any distortion or increase of the inhibition zones around cephalosporin disks toward amoxicillin/clavulanate disk was indicative of ESBL production (18) .
Production of ESBLs was confirmed by CLSI combined disk test. Disks containing 30 μg of cefotaxime and ceftazidime, and disks containing a combination of the two drugs plus 10 μL (10μg ) of clavulanic acid (Becton Dickinson, USA) were placed independently, 20 mm apart, on a lawn culture of 0.5 McFarland opacity of the test isolate on the Mueller-Hinton agar plate and incubated for 18-24 hours at 35°C. Isolates were considered ESBL positive if the inhibition zone measured around one of the combination disks after overnight incubation was at least 5 mm larger than that of the corresponding cephalosporin disk (18) .
Proteus spp. isolates resistant to extended-spectrum cephalosporins and β-lactam/ β-lactamase inhibitor combination (amoxicillin/clavulanic acid) were screened for production of AmpC β -lactamases by combined disk test using 3-amino phenylboronic acid (PBA) (Sigma-Aldrich, Steinheim, Germany). The stock solution was prepared as previously recommended (19) by dissolving PBA (benzeneboronic acid; Sigma-Aldrich, Steinheim, Germany) in dimethyl sulfoxide at a concentration of 20 mg/mL. 20 μL (containing 400 μg of boronic acid) of the solution was dispensed onto antibiotic disks. The disks were then dried and used within 60 min. The tests were performed by inoculating Mueller-Hinton agar by the standard diffusion method and placing disks containing four different β-lactams (CAZ, 10 µg; CRO, 30 µg; CTX, 5 µg; FEP, 30 µg) with or without boronic acid onto the agar. The agar plates were incubated at 37°C overnight. The diameter of the growth-inhibitory zone around a β-lactam disk with boronic acid was compared with that around the corresponding β-lactam disk without boronic acid. The test was considered positive for the detection of AmpC production when the diameter of the growth-inhibitory zone around a β-lactam disk with boronic acid was ≥5 mm larger than that around a disk containing the β-lactam substrate alone (20) .
Production of carbapenemases of group A or group B was confirmed by combined disk-test using meropenem disks with PBA and EDTA (ethylenediaminetetraacetic acid) (Sigma-Aldrich, Steinheim, Germany), respectively (21) . Three meropenem (MEM) disks were placed on Mueller-Hinton agar plate inoculated with test strain. 10 µL of EDTA (300 mg) and PBA (300 mg) was added on the first and third disks, respectively. The difference in zone size of ≥5 mm between disks with and without EDTA was suggesting production of carbapenemase group B, and the difference in zone size of ≥5 mm between disks with and without PBA was suggesting production of carbapenemase group A (21).
PCR detection of bla CTX-M , bla SHV , bla TEM , and bla KPC genes PCR was used to detect alleles encoding ESBL enzymes.
The presence of bla TEM , bla SHV, bla CTX-M genes was investigated by polymerase chain reaction (PCR) using primers and conditions as described previously (22) . Designation of bla genes based on identified mutations was done according to Bush K and Jacoby GA (23) .
Primers IS26F (5'-GCG-GTA-AAT-CGT-GGA-GTG-AT-3) and IS26R (5'-ATT-CGG-CAA-GTT-TTT-GCT-GT-3') were used to amplify 400 bp fragment spanning the link between IS26 insertion sequence and bla CTX-M gene in CTX-M producing isolate (24, 25) .
Genes encoding carbapenemases of class A (KPC), class B (MBLs belonging to VIM, IMP and NDM family) and OXA-48 was detected by PCR as described previously (21) .
Pulsed-field gel electrophoresis (PFGE) of bacterial DNA
Isolation of genomic DNA, digestion with the XbaI restriction enzyme (Invitrogen) and PFGE of the resulting fragments was performed as described by Kaufman et al (26) . The electrophoresis was carried out with a CHEF-DRII apparatus (Bio-Rad Laboratories, Hercules, CA). The PFGE patterns were compared following the criteria of Tenover et al. (27) and analyzed by the GelComparII software (Applied Maths, St Martens, Belgium).
RESULTS
All Proteus spp. isolates
Infections caused by Proteus spp. were represented in our sample with 16% and 12.8% prevalence among Gram-negative bacteria in the inpatients and outpatients, respectively.
A total of 53 ESBL and/or AmpC beta-lactamase producing Proteus spp. (27 in-and 26 outpatients) were isolated: 22 (41.5%) were from urine samples (15 from outpatients), 18 (34.0%) from wound infections (nine from outpatients), three (5.7%) from stoma, two in each catheter, skin, and upper respiratory tract (URT, outpatient), and one in each cannula, ear, genital tract (outpatient vaginal swab) and umbilicus. Samples were collected from six different municipalities of Zenica-Doboj Canton, predominantly from Zenica city (56.6%).
Fourteen (out of 27; 51.8%) inpatients were older than 60 years of age. The duration of hospitalization of patients was 3-53 days (median=15). Six patients were from the Surgery Department, four from Internal Medicine and four from Neurology Department, three from Intensive Care Unit (ICU) and from the Department for Ear, Nose 
AmpC-and/or ESBL producing Proteus spp.
Eleven (six inpatients and five outpatients) AmpC-and/or ESBL producing Proteus spp. (seven Proteus mirabilis and four Proteus vulgaris) isolates were available for further analysis: four from urine, two wound swabs and one swab of each stoma, cannula, ear, skin and soft tissue infection (SSTI) and genital tract (vaginal swab).
Antibiotic susceptibility
Susceptibility rate for 11 AmpC-and/or ESBLproducing Proteus spp. (seven Proteus mirabilis and four Proteus vulgaris) isolates was 100% for amoxicillin-clavulanic acid, imipenem and meropenem. Resistance rate to cefuroxime was100%, to gentamicine 90.9%, cefotaxim, ceftriaxone and ceftazidime 72.7% each, cefoxitine and ciprofloxacine 63.6% each, and for cefepime 45.5%.
In five (out of 11) isolates multi-drug resistance (MDR) to cephalosporins, cefamicines, amynocligosides and fluoroquinolones was detected.
Seven cefoxitin-resistant isolates (five in-and two -outpatients) additionally showed resistance to amoxicillin (100%), gentamicine (100%), the first, second, third cephalosporin generation (85.7%), ciprofloxacin (71.4%), and cefepime (42.9%), but they remained sensitive (100%) to amoxicillin/clavulanic acid.
All outpatient isolates were 100% resistant to aminoglycosides.
Detection and characterisation of ß-lactamases
Eleven Proteus spp. isolates were positive on β-lactamases by phenotypic test. All isolates produced nature TEM-1 β-lactamase. No isolates possessed SHV β-lactamase. All six inpatient isolates, besides TEM-1 β-lactamase, produced CTX-M β-lactamase (four isolates harboured bla CTX-M-1 and two bla CTX-M-15 genes) and OXA-1 β-lactamase; one isolate additionally co-produced CMY-2 AmpC β-lactamase (Table 1) . One outpatient isolate, besides TEM-1 β-lactamase, was positive for CTX-M-and OXA-1 β-lactamase, and one isolate harbored, except TEM-1, AmpC β-lactamase too (bla CMY-2 gene) ( Table 1) .
PFGE typing
Eleven isolates were tested for genetic relatedness by PFGE typing. Four clones (A-D) and two singletons were identified among 11 Proteus spp. using a similarity threshold of 80%. Both clones A and B consisted of two outpatient isolates. Clone C comprised three, and clone D consisted of two inpatient isolates ( Figure 1, Table 1 ).
DISCUSSION
The prevalence of ESBLs in Proteus spp. has an increasing trend in worldwide, including the United States, Asia and Europe (28) . The results of this study have shown 9.4% ESBL and/or AmpC producers among 566 Proteus spp. isolated from clinical specimens, which indicates a low prevalence. This result is similar with reports from Tehran (12%), Japan (7-13%) and Nigeria (8%) (1,16,29,30 ). Higher prevalence of ESBL-producing Proteus spp. was noticed in India (60%) (31), Croatia (21%) (32) and Uganda (14%) (33) .
Risk factors for infection caused by ESBL and/ or AmpC-beta lactamase producing isolates are long hospitalization, female sex, older age and previous treatment with antibiotics (1) . Elderly patients and previous treatment with antibiotics in this study were factors associated with the presence of ESBL-producing isolates, and it is similar to a report from Taiwan (12). Wang et al. reported that both prior antibiotic use and/or broad-spectrum antibiotic exposure could result in acquisition of drug-resistance genes (12) . Based on our results, 82% ESBL-producers were obtained from males, and it is similar to reports from France (2) and Italy (34).
ESBL and/or AmpC-beta lactamase producing Proteus spp. isolates in this research have shown (30) , but susceptibility to cefoxitin and ciprofloxacin (36% and 40%, respectively) was similar in both studies. Besides, ten (out of 11) ESBL-producing isolates were resistant to gentamicin, which is similar to the reports from Tehran (1) and France (2) .
A patient with the infection caused by ESBL and/ or AmpC-beta lactamase producing Proteus spp.
showed a high-prevalence of MDR to various classes of antibiotics, which is similar to a report from Ireland (8) . Therefore, infections caused by such multidrug-resistant strains are more likely to result in therapeutic failure (1, 17) .
Clinical and Laboratory Standards Institute (CLSI) revised the criteria for interpretation of breakpoints for some beta-lactam antibiotics in Enterobacteriaceae to achieve easier identification of ESBLs and AmpC production (18, 35 All AmpC/ESBL-producing Proteus spp. isolates from this study were susceptible to imipenem and meropenem according to CLSI 2009 document; similarly to the reports from Tanzania (36) . But, resistance to meropenem showed up when considering CLSI 2014 (in one strain, which has shown MIC of 8µg/mL). It has usually described large difference in carbapenem susceptibility using imipenem different CLSI breakpoints (12) . According to CDC document Facility Guidance for Control of Carbapenem-resistant Enterobacteriaceae (37) for bacteria that have intrinsic imipenem non-susceptibility, including Morganella morganii, Proteus spp., and Providencia spp., reporting of resistance to carbapenems other than imipenem is recommended, which is confirmed in our study.
Many ESBL genes are situated on large plasmids which carry multiple resistance genes, and this can explain an appearance of resistance to multiple antibiotics (36) . TEM-1 (natural) β-lactamase was noticed in all Proteus spp. isolates in this study, and it is similar to Tehran and Nigeria studies with 100% TEM-1 prevalence (1, 38) . On the other hand, TEM-52 was found in all Proteus ESBL-producing isolates in the report from Croatia (32) . In this study, CTX-M-1 and CTXM-15 were detected in 64% cases, similarly to the report from Tehran (1), but contradictory with the report from Japan, where CTX-M-2 gene was noticed in 67% cases (16) .
The CMY-2 AmpC beta-lactamase was found in two Proteus spp. isolates in this study (one inand one outpatient, both from urine), and both isolates were resistant to all cephalosporins tested, aminoglycosides and fluroquinolones, but susceptible to carbapenems and amoxicillin/ clavulanic acid, which is in concordance with the report from Taiwan (12) . AmpC β-lactamase producing isolates are usually resistant to several groups of antimicrobials, such as penicillins, oxyimino-, 7-α-methoxycephalosporins and monobactams (39) . This could result in treatment failure as a consequence of inadequate empirical therapy in patients with unrecognized AmpCcarrying Proteus infections (31) . It has been recently shown that ceftazidime-avibactam (non β-lactam/β-lactamase inhibitor) demonstrated potent activity against (molecularly confirmed) ESBL-, plasmid-mediated AmpC-, and ESBL/ AmpC producing isolates of P. mirabilis (MIC 90 of 0.06 μg/mL), as well as for other Gram-negative bacteria (40, 41) .
Different PFGE profiles among inpatient and outpatient AmpC-and/or ESBL-positive Proteus spp. strains indicate that in our settings the spre-ading of these bacteria was not due to a single clone, but rather to the horizontal transfer of plasmids containing different genes between different species of Enterobacteriaceae. In the hospital environment, under selection pressure, plasmids could be transferred between the patients and hospital personnel by hands (24) .
The main limitation of this study is the small number of AmpC-and/or ESBL-producing Proteus spp. isolates collected/available for the analysis because of short time span (six months) and their low prevalence in infections. Still, reduced susceptibility of Proteus isolates is a matter of an increasing clinical concern worldwide. Because of high prevalence of MDR strains in epidemiologically unrelated patients with AmpC-and/ or ESBL producing Proteus spp. infection in this study, further local surveillance is needed. Molecular characterization and strain typing, or at least phenotypic test for AmpC/ESBL production of Proteus spp, as well as other Gram-negative bacteria, is important for appropriate therapy and the detection of the sources and modes of spread, which is the main step in order to design targeted infection control strategies.
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